Functional and structural maturation of male reproductive tissues are mostly dependent on the actions of androgens, as well as estrogens (Akingbemi & Hardy, 2001; Carreau et al., 2008) . The epididymis is a part of excurrent ducts in male reproductive tract and is divided into four regions, including initial segments (IS), caput epididymis, corpus epididymis, and cauda epididymis, depending on morphological and functional features (Cosentino & Cockett, 1986) .
The epithelium of IS is characterized with the presence of narrow and apical cells which do not exist throughout the rest of the epididymis (Robaire & Hermo, 1988 ). An importance of the IS for proper sperm maturation has been examined by Temple-Smith et al. (1998) . Surgical redirection of spermatozoa produced from the testis to the distal part of the caput epididymis results in significant reduction of the fertility (Temple-Smith et al., 1998) . In addition, the luminal composition and epithelial enzymatic distribution within the IS are distinguished from the rest of the epi-didymis (Adamali & Hermo, 1996; Jones, 1987) . Based on these findings, it is considered that the IS plays an important role discriminated from the other parts of the epididymis on sperm maturation Direct cell-cell communication is a way for regulation and maintenance of functions of tissues and/or organs in coordinated manner. There are three types of direct cell interaction between neighboring cells, including cadherinbased adhesion, occluding-based attachment, and connexin (Cx)-based gap junction (Pointies et al., 2005) . Of these ways, cell-cell communication by gap junction allows direct exchange of signal molecules, RNAs, and ions through the cytoplasm of neighboring cells (Goodenough et al., 1996) .
Of 20 Cx isoforms identified in mammals, some Cx isoforms are present in virtually all cell types and others are expressed in strict cell types (Meşe et al., 2007) . The presence and expression of Cx isoforms in the male reproductive tract are exhibited by others and our previous findings. Focused on the epididymis, Dufresne et al. (2003) demonstrate that expression of some Cx isoforms during postnatal development is segmentally specific along the epididymis. Our earlier researches have revealed different expressional levels of Cx isoforms in different epididymal regions at various postnatal ages (Han & Lee, 2013; Lee, 2013) . In addition, our previous research shows differential expression of Cx isoforms in the IS from 1 week to 2 years of postnatal age (Seo et al., 2010) . These results imply that postnatal maturation and functional regulation of the IS would relate with exact expression of Cx isoforms at correct ages. However, expressional regulation of Cx isoforms in the IS is caught less attention. Induced hypothyroidism at neonatal age causes a significant expressional decrease of Cx43 gene in the adult IS (St-Pierre et al., 2003) . Also, it seems that epidermal growth factor involves in regulation of Cx43 expression in human cauda epididymis (Dubé et al., 2012) . Moreover, our recent research demonstrates disruption of expression of Cx isoforms in the adult IS by exposure to estradiol benzoate (EB), an estrogen agonist, and/or flutamide (Flu), an androgen antagonist, at 1 week of postnatal age (Lee, 2014) . Expressional changes of some Cx isoforms are dose-dependent or steroidal hormonespecific but expression patterns of others are not (Lee, 2014) . For examples, treatments with ED at 0.015 and 1.5 μg/kg body weight (BW) result in increased expression of Cx30.3 and Cx43. However, expression of Cx31 gene is not affected by 0.015 μg EB/kg BW but is decreased by 1.5 μg EB/ kg BW (Lee, 2014) . Expression of Cx43 gene increases with treatments of 500 μg or 50 mg Flu/ kg BW, while transcript levels of Cx32 and Cx37 are only increased by a treatment of 50 mg Flu/ kg BW (Lee, 2014) . Together, the findings from our and other researches strongly imply that expressional regulation of Cx gene in the IS is influenced by androgen and/or estrogen in part.
It is generally documented that functions of the epididymis are regulated by the actions of androgen, as well as estrogen (Joseph et al., 2011; Robaire & Hamzeh, 2011) .
During the early postnatal period, serum testosterone concentrations are not steady, and expressional levels of androgen and estrogen receptors in the epididymis are gradually increased (Sar & Welsch, 2000; You & Sar, 1998) . Thus, it is generally considered that responsiveness of the epididymis to androgen and estrogen at different postnatal age would be diverse. Androgen and estrogen chiefly control expression of a number of genes involving in the functional regulation of the epididymis (Joseph et al., 2011; Robaire & Hamzeh, 2011) . As mentioned earlier, expression of Cx isoforms in the adult IS are altered by exogenous administration of EB or Flu at 1 week of postnatal age (Lee, 2014) . Thus, the present study was designed to determine Oligonucleotide primers for real-time PCR analysis are described in Table 1 . 
Statistical analysis and presentation of data
Of total RNAs isolated from IS tissues, randomly chosen four total RNA samples were used to conduct RT reaction and real-time PCR. Relative expression levels of the Cx genes were calculated according to the 2 -ΔΔCt method.
Experimental results are present in relative expression ratios between Ppia and Cx genes. One-way ANOVA was carried out to determine statistical significance among control and experimental groups of EB or Flu treatment.
Whenever the statistical significance was present, a posthoc analysis, Duncan's t test, was applied to find out differences among these experimental groups. A p value < 0.05 was considered statistically significant. (Fig. 1A) . However, the Cx : connexin; Ppia : peptidylprolyl isomerase A (cyclophilin A). treatment of Flu at low-dose resulted in a significant increase of Cx30.3 gene expression (Fig. 1A) . A further great increase of Cx30.3 expression was induced by highdose Flu treatment (Fig. 1A) . Expressional change of Cx31 gene in the IS was observed with EB treatment (Fig. 1B) .
Expressional patterns of
Treatment of both doses of EB at 3 weeks of age caused significant increases of Cx31 gene in the adult IS, even though there was no statistical difference on Cx31 transcript level between low-dose or high-dose EB treatment (Fig.   1B ). Unlike Cx30.3, the treatment of Flu didn't give an influence on gene expression of Cx31 in the IS (Fig. 1B) .
Expressional patterns of Cx31.1 and Cx32 genes
in the initial segment of adult male rat after treatment of estradiol benzoate or flutamide at 3 weeks of age
Expression of Cx31.1 gene was not affected in the adult
IS by treatment of EB at 3 weeks of age ( Fig. 2A) . There was no significant statistical change of Cx31.1 transcript levels in both EB-treated groups, compared with that in control group (Fig. 2A) . Similarly, the treatment of Flu at 3 weeks of age didn't give an influence on the expression of Cx31.1 in the adult IS, even though a slight increase of Cx31.1 transcript level, but not statistically significant, was observed with a high-dose Flu treatment ( Fig. 2A) . Com- pared with the control, no significant change of Cx32 gene expression was detected in the adult IS treated with EB at 3 weeks of age (Fig. 2B) . Also, the treatment of Flu at 3 weeks of age didn't cause expressional modulation of Cx32 gene in the adult IS (Fig. 2B) .
3. Expressional changes of Cx37 and Cx40 genes in the initial segment of adult rat after treatment of estradiol benzoate or flutamide at 3 weeks of age
Expression of Cx37 in the IS at the adult was significantly decreased by a low-dose EB treatment at 3 weeks of Different letters indicate statistically significant differences at p<0.05 level, compared with control.
age (Fig. 3A) . However, treatment of EB treatment at a high-dose didn't give an influence on expressional modulation of Cx37 in the adult IS (Fig. 3A) . None of Flu treatments at two different doses at 3 weeks of age caused significant change of Cx37 transcript level in the IS at the adult (Fig. 3A) . Regarding expression of Cx40, treatment of EB at two different doses didn't result in significant expressional change in the adult IS (Fig. 3B) . However, a treatment of Flu at a low-dose at 3 weeks of age led to a significant increase of Cx40 transcript level in the adult IS (Fig. 3B) . A further statistically significant increase of Cx40 gene expression in the adult IS was observed with a high-dose treatment of Flu at 3 weeks of age (Fig. 3B ).
Expressional patterns of Cx43 and Cx45 genes
in the initial segment of adult rat after treatment of estradiol benzoate or flutamide at 3 weeks of age
Expression of Cx43 in the IS of the adult was not changed by EB treatment at 3 weeks of age (Fig. 4A) .
Compared with the control, the transcript level of Cx43 gene in the adult IS treated with different doses of EB at 3 weeks of age was not significantly different (Fig. 4A ).
Treatment of a low-dose Flu at 3 weeks of age didn't cause any change on the level of Cx43 transcript in the adult IS (Fig. 4A ). However, a significant increase of Cx43 expression in the IS of the adult was detected with a treatment of Flu at a high-dose at 3 weeks of age (Fig. 4A) . Even though mean levels of Cx45 transcript in all experimental groups were lower than that in control group, transcript levels of Cx45 in EB-and Flu-treated experimental groups were not significantly different with that of control group (Fig. 4B) .
Exogenous exposure to steroidal compounds during the early developmental period commonly accompanies disruption of hormonal homeostasis and gene expression in target tissues. Main concern of the present research was to examine The most notable results from the present study are that expression of Cx31.1, 32, and 45 genes in the adult IS was not affected by EB or Flu treatment at 3 weeks of age.
Transcript levels of Cx31.1 in the adult IS were significantly changed by treatment of low-dose EB or Flu to male rat at 1 week of age (Lee, 2014) . The treatment of EB or Flu at 1 week of age caused expressional modi-fications of Cx32 and 45 after EB or Flu in the adult IS (Lee, 2014) . A difference between the previous and current researches was only the age of experimental animal used. Even though the epididymal epithelium shares common cell types, such as principal and basal cells, the epithelium of IS possesses specific cell types, including apical and narrow cells (Robaire & Hermo, 1988) . Appearance of these cell types in the epithelium of epididymis is developmentally regulated. That is, until the first week after the birth, there is no obvious differentiation of the columnar epithelial cells in the IS (Robaire et al., 2000) . The epithelial differentiation of the epididymis begins at the end of the first week after the birth, and completed at the puberty (Robaire et al., 2000) . These reports indicate that the epithelium of IS at different postnatal age, especially during neonatal period, is likely organized with different cell types, and cellular composition of these cell types would vary during the early postnatal development. Moreover, expression of androgen receptor in the epithelium of epididymis during the early postnatal period is increased over time (You & Sar, 1998) , and the epithelium of IS possesses functional estrogen receptor (Cooke et al., 1991) .
Together, it would be reasonable to consider that respon- 
